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Abstract 
Stormwater fee affordability is a rarely discussed factor when examining the impacts of stormwater 
utilities. This study seeks to expand on the understanding of the household level financial impact that 
stormwater utilities have in a community. Specifically, it evaluates how the affordability of stormwater 
fees differs across municipalities and US Census block groups in North Carolina. We estimated 
individual parcel cost-burden by calculating the annual share of a parcel’s stormwater fee to its 
assessed parcel value. A fixed-factor regression then compared cost-burdens across municipalities and 
block groups to determine whether the affordability of household level stormwater fees varied by 
location. We find that cost-burden varies significantly between both municipalities and block groups, 
with block groups being a much stronger determining factor for high levels of cost-burden. 
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1. Introduction  
Adequate provision of water related services is vital to the success of communities across the United 
States. These services, which include the delivery of clean water, processing of wastewater, and 
management of stormwater, ensure health is maintained throughout the population and 
environment. Local governments are often left to implement water sector services under federal and 
state regulations but without significant financial or technical support from the federal or state 
government. While federal programs like the State Revolving Loan Fund (SRF) and Community 
Development Block Grants (CDBG) fund some projects, they do little to support continuous, 
smaller initiatives that are vital to removing pollutants from water of the United States (Zhao et al., 
2019; Priede, 1990). 
The formation of stormwater utilities and the adoption of stormwater fees addresses the limitations 
of state and federal funding sources and mitigation programs (Priede, 1990). Local stormwater 
utilities can implement a variety of targeted mitigation activities funded by the customers that benefit 
from them. Fee funded mitigation activities are the most popular model of generating revenue for 
stormwater mitigation led by stormwater utilities (Campbell, 2019). However, there are alternative 
methods, such as transferring money from a municipal or county general fund, which raise revenue 
through property taxes (US-EPA, 2008). Recent years have seen citizen push-back against property 
tax assessments and have led to the dominance of stormwater fees as the primary revenue raising 
mechanism in the United States (Grigg, 2013).  
Different stormwater fees pose separate challenges to the utilities implementing the fee and the 
residents, businesses, and organizations paying the fee. Limited technical capabilities and data can 
cause stormwater utilities to implement flat-fee structures that charge all user identical fees. Other 
fee structures provide more nuanced approaches to assessing fees throughout a community, 
primarily through parcel level impervious surface data. However, regardless of the fee structure, 
stormwater utilities rarely consider a household’s ability to pay when assessing fees. 
Affordability of stormwater fees is regularly an afterthought to utilities. With strict regulatory 
objectives to meet and limited external funding to support mitigation and outreach activities to meet 
them, the focus of utilities is on revenue generation and not the financial burden a fee can place on a 
household (US-EPA, 2008). Unfortunately, the lack of affordability of fees has left its mark on the 
communities across the Unites States. An example of an affordability crisis is seen in rust belt cities, 
like Detroit and Cleveland, which have populations facing tough decision on the payment of fees. 
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Increases in utility bills can leave residents, especially those living in poverty, with little ability pay 
(Zamudio and Craft, 2019). Utilities are then left without the revenue needed to properly perform 
services and must pass costs off on other residents, who may also be struggling to afford their bills 
(Mack and Wrase, 2017). The household’s themselves have their services cut-off, leaving them 
without vital services for health and quality of life (Zamudio and Craft, 2019).  
Current efforts to establish whether utilities bills are affordable are limited in their ability to predict 
affordability and to bring about change in billing practices. The most widely used metric, the 
Residential Indicator, only evaluates the median income in a community and rarely includes all water 
related costs, like stormwater (Czerwinski et al., 2017). This leaves governments without a clear 
understanding of how the bills their utilities assess on residents are impacting the financial health of 
households and how a combination of utility fees are burdening impoverished populations. Progress 
is being made on alternative metrics to assess affordability, but there is no metric that evaluates 
customers individually on the impact of utility bills on household finances (Racher et al., 2019). 
There is a dearth of research evaluating stormwater fees on household affordability, with most of 
the academic and governmental focus on the affordability of drinking water and wastewater. As the 
number of stormwater utilities continues to grow in the United States, it is vital that the connection 
between fees and household affordability is better understood. How these rates impact communities 
and specific neighborhoods could provide additionally clarification on how rates are targeted across 
communities and neighborhoods to raise revenues while maintaining affordability. 
To help fill in the understanding of utility affordability, this study seeks to evaluate how the 
assessment of stormwater fees financially stress households in North Carolina. No prior study has 
evaluated the affordability of stormwater fees, and few studies have evaluated any water sector fee 
on an individual parcel level. Most research has focused on the revenues utilities raise, not the 
individuals and households responsible for providing the revenue. 
To evaluate stormwater fee affordability, we obtained parcel level tax assessor data for every parcel 
in the North Carolina. The data were condensed to include only parcels that could be classified as 
single family residential as this is the only parcel where distinct annual stormwater fees could be 
assigned to parcels. Cost-burden, or the proportion of stormwater fee to assessed parcel value, was 
then calculated to determine how much financial impact payment a stormwater fee has on an 
individual household.  
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An evaluation of household level affordability and cost-burden of stormwater utility fees in North 
Carolina provides an opportunity to see whether the revenue generated for stormwater mitigation is 
proportional to the financial impact on households. The work of stormwater utilities is vital to 
preserving water quality. However, the detriment the fee poses to households is a mostly unknown 
variable. A better understanding of these relationship is necessary as more municipalities fall under 
stormwater related water quality permits and choose to establish stormwater utilities to ensure 
compliance. Further research evaluating the impacts of the fee, like those address in this study, will 
better portray the individual efforts needed to manage stormwater in our urban environments.    
2. Background 
2.1 The Clean Water Act and the NPDES permitting system 
In 1972, the United States Congress passed a series of amendments to the Federal Water Pollution 
Control Act of 1948 to create what became the Clean Water Act (CWA). This legislation allowed for 
the regulation of water pollutants and expanded regulatory standards governing water released into 
surface waters (Copeland, 2016). With another amendment in 1977, the National Pollutant 
Discharge Elimination System (NPDES) was created. NPDES permits translated the regulatory 
goals of the CWA into actionable and enforceable standards for pollution discharge limits and 
requirements for monitoring and reporting. Noticeably lacking from the original NPDES permitting 
system, however, was the inclusion of stormwater. Stormwater was a difficult to regulate pollution 
source as the runoff traveled across land, collecting contaminants from a variety of sources instead 
of one easily identifiable source.  
Stormwater regulation began with the Water Quality Act of 1987, which expanded upon the 
regulations in the CWA. Preceding the act’s passage was growing public and regulatory concern over 
the problems caused by urban stormwater. This was largely due to the Nationwide Urban Runoff 
Program, which documented urban stormwater pollution from 1978 to 1983 (National Research 
Council, 2009). The high concentration of pollution released from stormwater systems presented a 
major issue worthy of regulation. To respond to these concerns the Water Quality Act expanded the 
wastewater focused NPDES permitting system to include stormwater through the Phase 1 NPDES 
permit. Starting in 1990, large and medium sized municipalities, with populations over 100,000, were 
required to obtain a Phase 1 NPDES permit if they contained a municipal separate storm sewer 
system (MS4) (Copeland, 2016). MS4s are stormwater conveyance systems that are separate from the 
wastewater network and release stormwater from a point source into surface water (US-EPA, 2005). 
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In 1999, the implementation of Phase 2 NPDES permits brought stormwater regulation to all 
urbanized areas operating a MS4. Stormwater pollution was already a problem that needed to be 
addressed and now was a regulated issue for vast majority of urban areas, as defined by the US 
Census (US-EPA, 2015). To address stormwater issues, NPDES permits were often coupled with 
stormwater management programs (SWMPs). These programs sought to minimize the pollutants 
released into waterways from MS4s through a wide variety of mitigation activities. 
In North Carolina, there were six-Phase 1 and 99-Phase 2 municipal NPDES permittees as of 
October 2018. Of the 99-Phase 2 municipalities, 12 hold co-permits with either another municipality 
or a county. Many of these municipalities have opted to form stormwater utilities to comply with the 
regulation established by the permits. There are also 17 municipalities with MS4s but have obtained 
an NPDES waiver. These municipalities must reapply for the waiver every 5 years (NC-DEQ, 2018). 
2.2 Creation of stormwater utilities 
To comply with Phase 1 and Phase 2 NPDES permits, municipalities must meet six Minimum 
Control Measures (MCMs) established by the federal government (Table 1; US-EPA, 2005). 
Compliance with the MCMs can be expensive and necessitate the establishment of a separate 
organization to manage compliance with the MCMs. This has led municipalities to create stormwater 
utilities with designated funding mechanisms to ensure stormwater runoff is properly managed in 
their community.  
Table 1. Federally required Minimum Control Measures for Phase 1 and Phase 2  
NPDES Permittees 
Minimum Control Measure (MCM) 
1. Public education and outreach 
2. Public involvement and participation 
3. Illicit discharge detection and elimination 
4. Construction site runoff controls 
5. Post-construction site runoff controls 
 
6. Pollution prevention and good housekeeping for municipal operations 
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Compliance with MCMs requires a diverse set of initiatives and mitigation mechanisms, some 
directly targeting pollution and others focusing on secondary effects, like a lack of public awareness 
of the problems and causes of stormwater. Stormwater mitigation activities are often expensive and 
require technical expertise. Many stormwater utilities are implementing projects that include 
installation of storm drainage, mitigation of land-use impacts, management of floodplains, and open 
space amenities (Grigg, 2013). To perform these activities there must be a designated funding source 
to ensure there are adequate and continuous funding to comply with NPDES permits. Often, 
establishment of stormwater utilities with designated funding is the only option for a municipality.  
In 2019, there were 1,716 stormwater utilities across 40 states and the District of Columbia, with no 
stormwater utilities created in other states (Campbell, 2019).  The median population of a 
municipality operating a stormwater utility was 18,493, with the largest city being Los Angeles at 
over 3,000,000 residents and the smallest Indian Creek Village, Florida at 88 residents (Campbell, 
2019). In North Carolina, there are 80 municipal and 3 county stormwater utilities (Kirk and 
Hughes, 2019). Stormwater utilities are a vital component of many MS4 municipalities in their 
efforts to combat stormwater pollution. 
2.3 Stormwater Fees 
Stormwater fees are the primary means which stormwater utilities raise revenue to fund mitigation 
activities. Fees allow prioritization of stormwater mitigation activities outside a municipality’s general 
fund, which is primarily funded through property taxes and often has numerous projects and 
departments competing for limited resources (Lindsey, 1990). An additional benefit of the use of 
fees is that all parcels, taxable or tax-exempt, are included within the fee. This allows for major 
contributors to stormwater runoff, like government buildings, schools, and churches to be included 
in the generation of revenue needed to mitigation the effects these parcels types can cause (US-EPA, 
2008). While grants and loans are available from the state and federal government to fund large 
projects, such as the Clean Water State Revolving Fund (CWSRF) in North Carolina, local 
stormwater fees serve to fund ongoing stormwater programs. 
In North Carolina, residential stormwater fees are assessed in three ways: flat fees, tiered-flat fees, 
and uniform fees (Table 2). The fee structure is determined by the stormwater utility, and in North 
Carolina most communities choose to implement flat fees for residential parcels (Kirk and Hughes, 
2019). Flat fees are particularly appealing to small municipalities, as the information and 
administrative capability to implement this type of fee is minimal. However, larger municipalities, 
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like Raleigh, Charlotte, and Winston-Salem, often choose to implement more advanced fees that 
evaluate parcel specific characteristics in determining a parcel’s stormwater fee.  
Table 2. Description of stormwater fee types in North Carolina (NEEFC, 2005) 
Flat Fee A uniform fee is charged to all properties in the same use 
category.  
Example: All single-family residential parcels are charged $3 per 
month 
Tiered-Flat Fee Fees increase in steps based on a chosen factor, such as 
impervious surface, parcel size, or some other factor.  
Example: A residential parcel under 1,500 square feet of 
impervious surface pays $3 per month, while a parcel between 
1,500 and 3,000 square feet of impervious surface pays $4 per 
month  
Uniform “Per-ERU” Fee Fees increase incrementally based on the amount of impervious 
surface or some other factor. 
Example: A residential parcel is charge $3 per month for every 
2,000 square feet of impervious surface. 
 
2.4 Affordability 
2.4.1 Rationale for affordable services 
When the affordability of water sector bills – drinking water, wastewater, and stormwater – are not a 
primary consideration of utilities, the impact on communities and the utility itself can be severe. The 
Great Lakes region, particularly aging cities with decreasing populations like Detroit and Cleveland, 
face water affordability issues that further exacerbate issues caused by struggling economies and 
neighborhoods. In these communities, the poor are increasingly relied upon to fund improvements 
to aging infrastructure that are needed to maintain water quality. However, these low-income 
populations are also the least likely to be able to afford water sector bills that constitute a 
disproportionate percentage of their annual incomes. This significant cost-burden, or the proportion 
of income spent on water sector bills, contributes to missed payments to the utility, which in turn 
creates higher bills due to late fees. Once this cycle begins, customers are increasingly likely to be 
unable to pay bills and utilities face reduced revenues and difficult implementing high quality service 
(Zamudio and Craft, 2019).  
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The people most likely to experience water sector unaffordability are often clustered together (Mack 
and Wrase, 2017). Low-income neighborhoods struggle with competing expenses and limited 
resources to pay other major expenses like rent or a mortgage. This can lead to clustered service shut 
offs and drive households to steal water services if unable to pay reconnection fees and back 
payments (Zamudio and Craft, 2019). Utilities are then faced with providing service to fewer 
households, which makes revenue generation difficult. The utility may then have to raise prices on 
already cost-burdened customers, creating a cycle of unaffordability and lost revenues.  
2.4.2 Current affordability measurements 
The current standard for measuring the affordability of water sector fees is the Residential Indicator 
(RI) (Czerwinski et al., 2017). This metric utilizes the median household income of a service area and 
compares it to the average utility bill within that service area to create an affordability, or cost-
burden, measurement. Typically, an annual utility bill equivalent to 2% or less of a household’s 
median household income is considered affordable (U.S. Environmental Protection Agency Office 
of Water, 1997). The 2% only applies to one service, typically either water or wastewater, and is 
sometimes increased to 4.5% when considering a combined water and wastewater bill (Mack and 
Wrase, 2017). In the discussion of affordability, stormwater is frequently left out.   
The RI is criticized for its use of a community wide median to assess the financial impacts on 
individual households. The RI calculation equally weights incomes of the poorest and wealthiest 
households. There is no specific attention paid to the households within the community that are 
most at risk for being unable to afford their water sector bills or will be most cost-burdened by 
paying their bill. Additionally, the determination of 2% as the ratio of a utility bill to median 
household income for affordability appears to be without a significant research basis and has not 
been adjusted by the EPA since the metric was first used in 1997 (Czerwinski et al., 2017). These 
shortcomings demonstrate the need to create alternative estimates of household cost-burden that are 
more targeted towards populations with the highest affordability concerns (Racher et al., 2019).  
2.4.3 Alternatives to the Residential Indicator  
Due to the limitations in the RI, the EPA and other water related agencies like the American Water 
Works Association and the Association of Clean Water Agencies are evaluating new affordability 
metrics that could replace the RI. Promising alternatives involve focusing on smaller groups of the 
lowest income households. Other possible alternative metrics are focused on smaller geographic 
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areas, hoping to capture neighborhood disparities that frequently exist in the ability to pay for 
services within a municipality.  
Metrics like the Household Burden Indicator (HBI) and Poverty Prevalence Indicator (PPI) focus 
exclusively on the population within a community that is likely to be most cost-burdened with full 
payment of water sector bills. The HBI calculates a proportion of all water use costs to the annual 
median household income for the 20th percentile income in a utility service area. Utilization of the 
20th percentile income in a community removes the focus on the median income, which can mask 
lower income groups in the RI. Results from the HBI can better predict the population that should 
be the focus for utilities seeking to preserve strong customer bases across income groups. When 
coupled with the PPI, which looks at the percentage of a utility service area that falls within 200% of 
the federal poverty line, the metrics can more accurately predict affordability and degrees of cost-
burden in low income households and across the community (Racher et al., 2019).  
The Weighted Average Residential Index (WARi) evaluates affordability by neighborhood to try and 
avoid evaluating diverse income groups together. With this measurement the WARi can highlight 
areas of the community most impacted by utility bills (Mumm and Ciaccia, 2017). Information 
collected form the WARi can then be used to target customer outreach affordability programs and 
give a utility or municipality more awareness of where the most vulnerable are found.  
Dynamic pricing of water sector bills is emerging as a possible approach to setting rates and fees 
across a community.  If high cost-burdened groups can be identified, alternative affordability metrics 
can be used to implement a water rate structure that charges households based on their ability to 
pay. In this scenario, a metric like the Hours at Minimum Wage (HM) can calculate a default bill 
equivalent to one day’s work while making a community’s minimum wage. This approach can 
reduce water sector bills and increase the affordability for certain households most in need, while 
ensuring more financially capable households are most responsible for generating utility revenues 
(Teodoro, 2018).  
Overall, there is an understanding for the need to refine the evaluation of water sector affordability. 
The RI fails to identify the groups actually at risk for high levels of cost-burden. While the HBI, PPI, 
and WARi improve on the RI by producing more detailed pictures of the community.   
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3. Data and Methodology 
This study seeks to evaluate the financial stress and relative affordability of stormwater utility fees on 
individual single-family residential households in North Carolina. The analysis relies primarily on 
data from the stormwater fee data compiled by the Environmental Finance Center at the University 
of North Carolina (EFC-UNC; Kirk and Hughes, 2019) and parcel level data compiled through NC 
OneMap (NC OneMap, 2019). With this data, a cost-burden calculation was created, evaluated, and 
mapped to determine disproportionate affordability impacts that stormwater fees create for 
households, statewide.  
3.1 NC OneMap parcel selection 
There are approximately 5.5 million parcels across 100 North Carolina counties available for analysis 
through NC OneMap. NC OneMap relies on county tax assessor data to produce GIS files that 
contain both descriptive and spatial information of parcels. The descriptive information attached to 
each parcel was last updated between November 2017 and January 2019 and varied by municipality 
and county, but generally includes parcel value, land use, size, ownership, and sales data (NC 
OneMap, 2019).  Of interest to this study were assessed parcel values and land use information that 
allowed a parcel to be described as single family residential in municipalities that contained 
stormwater fees ( Figure 1).  
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Figure 1. Sankey diagram of parcel sample selection criteria and process   
 
In 2018, only 81 of 552 municipalities in North Carolina assess stormwater fees on residents 
according to a stormwater database maintained by the EFC-UNC (Kirk and Hughes, 2019; How NC 
Municipalities Work, 2019). However, parcels obtained from NC OneMap frequently lacked 
municipality description, necessitating the assignment of municipality information to each parcel to 
exclude parcels in municipalities without stormwater fees (n=471 municipalities). GIS was used to 
join parcel data with 2019 US census place information, which best estimated current municipal 
boundaries    
As this study focuses on residential household cost-burden, any parcel that could not be classified by 
land use. Many parcels available through NC OneMap do not contain any or sufficiently detailed 
land use information to distinguish between land use types.   
Finally, non-residential and multifamily residential parcels were removed. The burden on individual 
families who reside in multifamily complexes cannot be calculated without information on the 
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number of units per multifamily dwelling, which is not available through the NC OneMap resource. 
Additional parcels that could not be distinguished between types of residential were excluded.  
3.2 Assignment of stormwater fees to parcels 
To calculate parcel specific stormwater fees the analysis relied on a stormwater database maintained 
by the EFC-UNC. The database shows that residential stormwater fees are assigned in three ways in 
North Carolina: flat fees, tiered-flat fees, uniform fees (Kirk and Hughes, 2019). Flat fees are the 
predominant method of assessing stormwater fees in the State (Table 3). While two municipalities 
contain uniform fees – Chapel Hill and Harrisburg – these observations were ultimately excluded 
due to insufficient land use information.  
Table 3. Fee structure for municipalities included in study 
Fee Type Frequency – included in this 
study 
Frequency – North Carolina 
Flat 45 (76%) 60 (74%)  
Tiered-Flat 14 (24%) 19 (23%) 
Uniform 0 (0%) 2 (3%) 
Total 59  81  
 
We standardized flat fees – which do not vary from parcel to parcel within a municipality – to 
annual rates as a significant portion of fees are not paid monthly, and applied them evenly to all 
single-family residential parcels within each corresponding municipality ( 
Table 4).  
 
Table 4. Fee frequency for included municipalities 
Fee Frequency Frequency - included in this 
study 
Frequency – North Carolina 
Monthly 41 (69%) 60 (74%) 
Bi-monthly 3 (5%) 3 (4%) 
Semi-annually 1 (2%) 1 (1%) 
Annually 14 (24%) 18 (22%) 
Total 59 81  
 
Calculation of tiered-flat fees were based on the total impervious surface of a parcel. An impervious 
surface estimate for parcels in North Carolina was obtained from a previous study that estimated 
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impervious surface on residential parcels by evaluating the number of parcels per acre and applying a 
cubic polynomial function to model total impervious surface in thousands of square feet per parcel 
(Kirk, 2019). Once obtained, the impervious surface of a parcel was placed within its appropriate fee 
tier and annualized.  
3.3 Assessed parcel value and the cost-burden calculation 
To better understand the relationships between stormwater fees and wealth for individual 
households, we calculated household cost-burdens, which enables different parcels and geographic 
areas to be compared based on a universally applied affordability metric. Once calculated, cost-
burden comparisons across municipalities (and US Census block groups within them) can identify 
areas of significant cost-burden and illustrates where current fees and fee structures need 
adjustment. 
The burden calculation involves dividing the stormwater fee by the assessed parcel value, producing 
the proportion of annual stormwater fee per assessed value. Assessed parcel value serves as an 
indirect measurement of a household’s income in the calculation as no household-scale income 
measurements were available for this study. Home value is related to household wealth and increases 
in home value have similar economic impacts as increases in income (Case et al., 2011). 
Furthermore, some property valuation measurements assess property based on the income cash-
flow a property can provide if rented (Pagourtzi et al., 2003). Based on these findings and the 
availability of assessed parcel value, this study chose assessed parcel value as a rough income proxy. 
3.4 Estimation of municipality and block group impact on cost-burden 
A fixed-effect regression analysis evaluated the municipal and block group specific impacts of 
stormwater fee cost-burden. Two regressions were performed: one focusing on the impacts of 
municipalities on cost-burden and another identifying neighborhoods with disproportionate cost-
burdens. The municipal specific regression evaluated whether the amounts and fee structures of a 
municipality addressed municipal-wide affordability. The neighborhood level analysis used US 
census block groups to approximate neighborhood impacts of stormwater-fees. This portion of the 
analysis illustrated areas of the cities that faced significant cost burden, especially related to other 
block groups within the respective municipality.   
The municipal regression relied on the log of cost-burden as the dependent, or outcome, variable 
and Knightdale as the baseline municipality. Knightdale, with an annual stormwater fee of $48, has 
the median stormwater utility fee for a parcel with 3,000 SF of impervious surface. 3,000 SF of 
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impervious surface is similar to the estimated nationwide median impervious surface of 2,902 SF on 
single family residential parcels and is easily calculable for all stormwater utilities in North Carolina 
using the EFC-UNC Stormwater Dashboard (Campbell, 2019).  
A neighborhood analysis relied on a fixed-effect regression of the log of cost-burden to determine 
which neighborhoods, or block groups, experienced disproportionate levels of cost-burden. For the 
analysis, block groups with under 30 observations were removed to avoid collinearity. The baseline 
block group was in Hendersonville (US Census ID 370899310003). It was selected after calculating 
the average cost-burden for each block group and selecting the median block group by cost-burden.  
All analyses were standardized using beta coefficients to control for variations in the number of 
observations. The coefficient from the fixed-effect regression was exponentiated to evaluate the 
percent difference in cost-burden between both municipalities and block groups. Differences 
between municipalities and block groups were then mapped using GIS to visually identify areas 
requiring further examination. 
3.4 Limitations 
This study’s methodology for the analysis of cost-burden relies on two major assumptions: the 
impervious surface estimate and the use of assessed parcel value. Both these assumptions are derived 
from previous research but may not provide perfect representation of parcel level conditions in 
North Carolina. Future studies seeking to evaluate the cost-burden would benefit from more direct 
measurements of both impervious surface and income. 
Impervious surface estimates, which tiered-flat fees rely upon to assign fees to parcel, are estimated 
in this study. For greater accuracy in assigned parcel stormwater fees, data should be collected from 
stormwater utilities, directly. This improvement to the methodology would increase the accuracy of 
cost assigned to each parcel and could expand the size of the study by allowing multifamily 
household units to be evaluated.  
A lack of household level income data limits the study to an indirect estimation of household cost-
burden. Most assessed parcel data does not rely on market values, instead typically utilizing formulas 
that assess entire neighborhoods uniformly. Reliance on this method removes intricacies that may 
provide distinctions in assessed parcel value and thus cost-burden estimates. More direct data, such 
as tax income information or US Census household income data, would provide a more refined and 
accurate analysis of household affordability of stormwater fees.  
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4. Results 
4.1 Descriptive statistics 
We evaluated the cost-burden of 59 municipalities, which contained 1,922 block groups, and 
727,444 parcels (this includes 11% of all municipalities, 31% of all block groups, and 13% of all 
parcels in North Carolina). Within this set of parcels, cost-burden was relatively low across parcels, 
with residents often paying stormwater fees that were a small fraction of the parcel’s assessed value 
(Table 5).  
Table 5. Descriptive statistics of cost-burden in single-family residential parcels 
 Mean Std. Dev Median Minimum Maximum 
Cost-burden 0.049% 0.68 0.033% 0.000061% 8.1% 
 
The majority of household level cost-burden is concentrated at relatively low levels (
 
Figure 2). While most parcels fell below or near the cost-burden mean, extreme outliers at the upper 
end of cost-burden were present. A total of 301 parcels had a calculated annual cost-burden equal or 
greater than 1% of the total parcel value. These high cost-burdened parcels all had parcel values 
under $10,000, representing lower than 1st percentile of parcel value.  
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Figure 2. Histogram of the cost-burden for all study parcels with cost-burden under 1% 
 
When parcels are summarized by municipalities and block groups, variance is apparent due to 
different fee structures and neighborhood variances in parcel value (Table 6).  
Table 6. Cost-burden characteristics by municipality and block group 
 Mean  Std. Dev Median Range 
Municipality 0.064% 0.46 0.042% 0.0083% - 0.97% 
Block Group 0.064% 0.11 0.044% 0.0048% - 2.8% 
 
4.2 Regression modeling to determine municipal impact on cost-burden 
My regression modeling revealed that approximately 35% of the variance in households’ cost-
burdens from stormwater fees can be attributed to the municipality where the parcel is located. This 
regression model also revealed significant differences in the cost-burdens for nearly all municipalities 
(57; 98%) compared to the baseline municipality (Knightdale; Table 7). More municipalities (33; 
57%), had positive regression coefficients compared to the baseline municipality of Knightdale. This 
signifies that the independent variable, cost-burden, is expected to be higher in the majority of 
municipalities across the state when compared to the baseline value of Knightdale.  
Table 7. Fixed-effects regression results for log of cost-burden between municipalities (baseline 
municipality is Town of Knightdale) 
Municipality Coef. Std. Err. t P>t Beta 
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Archdale 0.6983631 0.0148438 47.05 0 0.05927 
Asheville -0.0896518 0.0110035 -8.15 0 -0.01774 
Belmont -0.1679128 0.014699 -11.42 0 -0.01451 
Bessemer City 0.7229131 0.0187257 38.61 0 0.042629 
Burlington 0.8358966 0.0114415 73.06 0 0.137875 
Butner 0.6292527 0.0194183 32.41 0 0.035301 
Carolina Beach 0.7586989 0.0164621 46.09 0 0.054102 
Chadbourn 1.005273 0.0313803 32.04 0 0.03161 
Clemmons 0.0891662 0.0133926 6.66 0 0.009293 
Cornelius -0.3712211 0.0126909 -29.25 0 -0.044 
Cramerton -0.1888514 0.0201666 -9.36 0 -0.01007 
Creedmoor 1.059924 0.0199642 53.09 0 0.057291 
Dallas 0.4278316 0.020002 21.39 0 0.023067 
Davidson -0.4478829 0.0162741 -27.52 0 -0.03252 
Dunn -0.0224856 0.0161022 -1.4 0.163 -0.00166 
Durham -0.1969979 0.0103615 -19.01 0 -0.06253 
Elizabeth City 0.8371439 0.0129659 64.56 0 0.094054 
Elon -0.717382 0.02067 -34.71 0 -0.03704 
Fayetteville 0.9114426 0.0103798 87.81 0 0.283238 
Gastonia 0.4171411 0.0110108 37.88 0 0.082243 
Gibsonville -1.171936 0.0167229 -70.08 0 -0.08155 
Glen Raven -1.261013 0.4876674 -2.59 0.01 -0.00242 
Graham -0.1024677 0.0145556 -7.04 0 -0.00902 
Greensboro 0.2221547 0.0102979 21.57 0 0.07647 
Hendersonville -0.1811036 0.0155717 -11.63 0 -0.01414 
High Point 0.708843 0.0107028 66.23 0 0.166604 
Holly Springs -0.7046657 0.0118684 -59.37 0 -0.10159 
Hope Mills 0.3693732 0.013935 26.51 0 0.035383 
Huntersville -0.1245165 0.0113852 -10.94 0 -0.02096 
Indian Trail 0.4071887 0.0116792 34.86 0 0.062076 
Jacksonville 0.6986283 0.0119282 58.57 0 0.099062 
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Kernersville -0.0881872 0.0132566 -6.65 0 -0.00941 
Kinston 1.546407 0.0129845 119.1 0 0.173142 
Kure Beach 0.0621624 0.0201567 3.08 0.002 0.003318 
Lake Park -0.0383377 0.0222538 -1.72 0.085 -0.0018 
Matthews 0.3555323 0.0125997 28.22 0 0.042946 
Mint Hill 0.1493471 0.0125675 11.88 0 0.018163 
Monroe 0.7335138 0.012635 58.05 0 0.087955 
Mooresville 0.0315488 0.011703 2.7 0.007 0.004775 
Morrisville -1.111947 0.013285 -83.7 0 -0.11801 
Mount Holly -0.1982509 0.0139616 -14.2 0 -0.01892 
Nags Head -0.2972045 0.0145256 -20.46 0 -0.02625 
New Bern -0.2223274 0.0120358 -18.47 0 -0.03063 
Oxford 0.502909 0.0163295 30.8 0 0.036323 
Pineville 0.1604022 0.0215139 7.46 0 0.007868 
Plymouth 1.06331 0.0216051 49.22 0 0.051875 
Raleigh -0.0653095 0.0101819 -6.41 0 -0.02717 
Rocky Mount 1.360844 0.0111374 122.19 0 0.253041 
Spring Lake 0.5728841 0.0196763 29.12 0 0.031572 
Stallings -0.0746375 0.0135427 -5.51 0 -0.00759 
Swansboro 0.0647645 0.020703 3.13 0.002 0.003337 
Thomasville -0.7185048 0.0124108 -57.89 0 -0.09042 
Wallace 1.10455 0.0232553 47.5 0 0.049169 
Wilmington 0.6294241 0.0107297 58.66 0 0.145325 
Wilson 0.7186525 0.0116349 61.77 0 0.11109 
Winston-Salem 0.75191 0.0103125 72.91 0 0.253752 
Wrightsville Beach -0.9508099 0.0225192 -42.22 0 -0.04404 
Zebulon -0.3651719 0.0195843 -18.65 0 -0.02025 
 
Evaluation of the exponentiated log of cost-burden shows how cost-burden compares to the 
baseline value of 1 for Knightdale (Figure 3. Quartile plot of the exponentiated fixed factor 
regression coefficient for the log of cost-burden by municipality. Many municipalities’ parcels are – 
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on average – expected to have higher cost-burdens than the median North Carolina parcel. 
Additionally, two outliers fall within the upper range of exponentiated values. Both Kinston and 
Rocky Mount have stormwater fees roughly equivalent to the median value across North Carolina 
(Table 8). Yet, the parcel property values of parcels in these municipalities are significantly below the 
state-wide median, leading to high cost-burden estimates.  
 
Figure 3. Quartile plot of the exponentiated fixed factor regression coefficient for the log of cost-
burden by municipality  
 
 
Table 8. Median values contributing to cost-burden in outlier municipalities 
 Stormwater Fee Parcel Value Cost-Burden 
Kinston $54 $47,568 0.11% 
Rocky Mount $60 $73,435 0.08% 
All Municipalities $54 $150,100 0.03% 
 
4.3 Regression modeling to determine “neighborhood” relationships to cost-burden 
Regressing cost-burden on block groups capture a much greater variance in cost-burden (75% of 
total variance), based on my second fixed factor regression (n = 726,156; r-squared = 0.7490). A 
high correlation in block group and cost-burden demonstrates the interrelation between parcel value 
and neighborhood.    
The relationship between cost-burden and location can be seen in clusters of block groups 
experiencing extreme cost-burden relative to other parcels. Figure 4 focuses on the Western 
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Piedmont Area of Forsyth County. The concentration of block groups in Winston-Salem and High 
Point with high median cost-burdens illustrate the neighborhood effects that stormwater fees may 
have. Winston-Salem alone has 29 (33%) of the 89 block groups in the state that are at or greater 
than the 95th percentile of cost burden, or an annual fee equivalent to 0.21% or greater of the total 
assessed parcel value of their property. High Point, with 10 (11%) 95th percentile or greater block 
groups, also sees a disproportionate impact of cost-burden.  
 
Figure 4. Median cost-burden by block group in the Western Piedmont Area 
5. Discussion 
Both the municipal and block group analyses show that spatial effects exist in the determination of 
cost-burden. However, the descriptive statistics show that the cost-burden for households is 
generally low and may not have a significant impact on the affordability of stormwater fees. It is 
likely true that individual parcels across the state of North Carolina are highly cost-burdened and 
have affordability concerns, but that as whole stormwater utilities are charging rates that appear 
affordable for most service areas. This should assuage any concern that large portions of municipal 
stormwater utilities have customer bases that face difficulty paying fees, which would create 
increased operational risk. 
That said, there are substantial differences in the expected contribution that municipal stormwater 
utilities expect residents to contribute compared to the resident’s assessed property value. This can 
be seen in outlier municipalities, like Kinston and Rocky Mount, which have significantly lower 
assessed parcel values but above-average stormwater fees. Residents in Kinston and Rocky Mount 
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are still expected to contribute roughly average fees even with reduced income. Given the regulatory 
requirements for stormwater controls, especially Rocky Mount, which is a Phase II MS4 permittee, 
the revenue requirements to operate a stormwater utility may necessitate these fees. 
Another area of concern is the clustering of highly cost-burden neighborhoods illustrated through 
the block group analysis. The existence of these clusters is associated with similar factors affecting 
the municipal outliers: low parcel values with average to above-average stormwater fees. An 
existence of clusters reflects the difficulty in tailoring fee structures to support low-income residents. 
While some municipalities, including Winston-Salem (which this study specifically evaluates), offer 
reductions in parcel fees through parcel-based mitigation measures, these fee reductions may not be 
enough to alleviate the affordability and equity concerns of stormwater fees.  
Alteration of the fee structure may help alleviate some of the cost-burden incurred throughout 
municipalities and block groups. In the cases of Kinston and Rocky Mount, the fixed block-fee fails 
to consider any socio-economic factors in the allocation of fees. However, Winston-Salem, which 
contains 27 concentrated and heavily cost-burdened block groups, does utilize a tiered-fixed fee 
structure. This finding may reveal an inherent inability of either flat or tiered fees to address equity, 
similar to past findings of studies of water bills (Calatrava et al., 2015).  
While this study did not evaluate any municipal stormwater utility that assesses fees based on a 
uniform fee structure, this type of fee may warrant additional attention based on in its ability to 
assign stormwater rates individually to different parcels. This may benefit low-income households as 
smaller homes often have lower levels of impervious surface and would therefore be charged lower 
fees. Additionally, North Carolina utilities face obstacles in implemented income-based reductions in 
fees as (N.C. Gen. Stat. § 62-140). This statute essentially requires stormwater utilities, or any utility, 
to address affordability through rates. It prohibits any rate payer assistance programs that could 
provide subsidies based on an individual household’s ability to pay. Therefore, addressing 
affordability concerns will require creative incentives or fee structures to eliminate the concentration 
of cost-burdened areas in low-income neighborhoods. 
6. Conclusion  
Municipalities and the agencies they operate have a responsibility to protect the health and safety of 
their residents. This includes stormwater utilities which play a vital role in ongoing stormwater 
mitigation and education activities. Without these initiatives, municipalities across North Carolina 
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would likely see a dramatic decrease in water quality, resulting in diminished health outcomes, 
detrimental environmental impacts, and lost revenue from economic development (Sanctuary and 
Tropp, 2017).  However, the financial impacts of operating stormwater utilities go beyond health 
care costs and tax revenue generation. The individuals responsible for paying the fees necessary to 
fund ongoing stormwater projects may suffer financial hardship unbeknownst to the stormwater 
utility and municipality.  
The affordability of stormwater fees and the cost-burden the fees place on households remain a 
crucial but rarely evaluated consideration. The lack of household level affordability and cost-burden 
analysis is a detriment to understanding how stormwater fees impact individual households and 
neighborhoods. A strong utility, funded by a reliable stream of stormwater fees, would benefit from 
improved understanding of the household level impacts of their fees beyond what the Residential 
Indicator or alternative affordability metrics can provide. 
Our research determined that the stormwater fee financial cost-burden between municipalities and 
block groups is significantly different. Where someone lives, particularly the neighborhood that 
individual resides in, is predictive of the share of income that must be contributed towards annual 
stormwater fees. Populations across the state, whether evaluated by their city, town or 
neighborhood, are responsible for contributing unequal proportions of their income towards the 
continued operation of stormwater utilities. In some instances, the disparity in expected 
contributions was large. Individual neighborhoods may be required to contribute 1% or more of 
their assessed parcel value each year towards stormwater fees. These fee amounts in relation to 
income are not sustainable and pose a serious risk to the stormwater utility and its ability to generate 
consistent, low-risk revenue. 
Most concerning may be the clustering of highly cost-burdened, low-income neighborhoods. Areas 
of concentrated high cost-burden cannot be brushed aside by utilities as outlier areas unworthy of 
attention. In cities like Winston-Salem, multiple neighborhoods make up substantial portions of the 
stormwater utility’s revenue base. Low-income households already face difficult decisions in 
prioritizing expenses and disproportionate stormwater bills relative to their incomes only 
exacerbates this issue. A loss of these parcels through the inability to pay unaffordable stormwater 
bills puts the stormwater utility’s continued operation at risk. Additionally, the household and 
neighborhood impacts of penalties for failure to pay bills can create unpredictable but harmful 
situations, like those seen in the Great Lakes Region.  
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While this research clearly depicts a situation necessitating intervention on behalf of poor residents 
across the state, current laws in North Carolina make programs targeting affordability of lower 
income resident difficult. Stormwater utilities in North Carolina should focus on evaluating their rate 
structures and how fees are assigned to each parcel to evaluate ways to make fee payment more 
equitable. The focus on affordability is more than a socially minded way to make our societies more 
just. It is an essential element to protecting the activities of stormwater utilities that benefit our 
communities and environments so significantly.  
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